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Disclaimer
Since this project is a result of a class assignment, it has been graded and accepted as fulfillment
of the course requirements. Acceptance does not imply technical accuracy or reliability. Any use
of information in this report is done at the risk of the user. These risks may include catastrophic
failure of the device or infringement of patent or copyright laws. California Polytechnic State
University at San Luis Obispo and its staff cannot be held liable for any use or misuse of the
project.
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Abstract
The SMUD Solar Regatta competition tasks students with developing a solar-powered watercraft
to compete in various events on a fresh water lake. Cal Poly has created two mechanical
engineering senior project groups to coordinate the design of a boat for the Solar Regatta
competition. Up a Creek, the boat construction team, has created the following Final Design
Review document to highlight the group’s progress on the project over the year. This document
captures the design process from the background research, project objectives, and early concepts
to the final design, manufacturing processes, and planned testing procedures. Unfortunately, the
COVID-19 pandemic halted progress on the project at the end of the second quarter. For this
reason, the boat was not able to be fully manufactured and testing plans are theoretical. This will
be discussed in more detail further in the document.
1.0 Introduction
The Sacramento Municipality Utility District (SMUD) hosts the California Solar Regatta
competition to encourage education about solar and renewable energy. Competing in the event
requires the design and construction of a solar-powered boat to race in three events: a slalom race
(testing maneuverability and speed), a head-to-head sprint race, and a twenty-five-minute
endurance race using only battery power. Competition points are also awarded in areas of
technical design, sustainability, and artistic decoration. Each boat is to utilize two solar panels
loaned by the competition and is allowed an onboard battery pack for the endurance event.
This year, the Cal Poly senior project class has created two teams to work in tandem on the
design of a boat for competition. This report will focus on the final design, manufacturing, and
testing plan for the boat team. The task of our team is to create a hull for the propulsion team to
interface with. Up a Creek is composed of four fourth year mechanical engineers; Torrey
Duncan, Andrew Offhaus, Sean Neuman, and Kyle Kreitzman. The following information will
highlight the design process and address completed manufacturing. Plans for the continuation of
the project in response to the COVID-19 pandemic will also be presented.
2.0 Background
The background section of this document has been updated since the Conceptual Design Review
to include a more in-depth description on airfoil research conducted.
2.1 Guidelines
To better understand the scope of this project, the 2020 Solar Regatta Packet [1] was read
thoroughly. Since 2012, the Sacramento Municipal Utility District has been hosting the Solar
Regatta Competition. The end goal is to showcase innovative engineering through a variety of
boat races and presentations. Up a Creek is tasked with creating a boat in accordance with the
requirements outlined by this information packet. The boat and all attached structures must not
exceed 8 feet in width or 20 feet in length and may not be more than 5 feet above the surface of
the water. The pilot must also be visible at all times. These design constraints still leave room for
creativity and freedom when it comes to hull design, boat layout, and integration with the
propulsion system.
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2.2 Interviews
In order to learn more about design possibilities and potential challenges when taking on this
project, the team has conducted multiple interviews with Kim Shollenberger, a Cal Poly fluid
dynamics professor. Professor Shollenberger has extensive knowledge of the fluid dynamics
necessary for a thorough design analysis. After asking for her thoughts on running tests on small,
3D-printed models, she informed us that it is not possible to scale down watercrafts and expect
reliable correlations to their prototypes. This is due to the impossibility of maintaining both a
constant Reynolds number and a Freudian number. Perplexed by her claim, we investigated this
dilemma and performed calculations involving scaled modeling (Appendix A– Ship Modeling
Hand Calculations) in order to confirm. In addition, she believes we will run into difficulty using
computational fluid dynamics (CFD) programs such as ANSYS Fluent. Modeling a multi-phase
flow (waves and chop) requires a Lagrangian approach that can account for transient changes
rather than just defining a control field via the Eulerian method. Performing this level of CFD
analysis would be necessary to get any reliable values, but unfortunately the time required to
master that software is not within the timeframe or scope of this senior project. Using an assisted
CFD program such as Bentley’s Maxsurf vessel design software would be a far more realistic
choice but would likely require the use of a high-powered computer (HPC) such as the Cal Poly
Aerospace Engineering Department’s Bishop – HPC Cluster featuring 240 processor cores.
Outside of CFD, Professor Shollenberger explained several methods to analyze and test hull
designs. She recommends creating full size boat models, attaching a force transducer to another
vessel, and towing them while recording velocity. Another similar test involves gathering the
same force and velocity data whilst our boat is tied to a stationary harbor amidst a changing tide.
The resulting data can be used to calculate and compare drag coefficients between prototypes.
Additionally, she has offered to put us in contact with her husband, a member of the Morro Bay
yacht club and an avid sailor, to set up a time to use his dock once a full size prototype is ready
for testing.
Next, the lead hull designer of the Cal Poly Concrete Canoe Team was contacted and
interviewed about their experience designing hulls using Maxsurf, an assisted CFD software [2].
He and the concrete canoe team have expressed their willingness to give advice on the direction
of our planned analysis on the hull. During this meeting, the basic features, capabilities, and
logistics of Maxsurf were discussed. To begin, software allows the user to model hull contours
within the program and then adjust the position of the contours’ nodes. Maxsurf’s initial required
input is the amount of water that must be displaced by the hull, which is equal to the amount of
weight the boat is expected to carry. In addition, a desired waterline level can be set and toggled.
After these parameters are defined, resistance testing will be utilized to better understand how
the hull moves through the water, determine hydrodynamic drag and prismatic coefficients, and
provide a quantitative analysis of power versus speed. Stability analysis entails inputting a load
case and testing how the hull rocks either laterally or longitudinally. The result of this analysis is
a dynamic stability graph displaying the amount of energy necessary to tip the hull a certain
number of degrees. This data will allow us to test and assess combinations of different lengths,
weights, rocker, and chine and to determine the optimal hull design for our conditions. Overall,
this software will be a valuable tool in analyzing how our hull will perform on the water before
moving forward into manufacturing where changes become much more expensive and time
consuming.
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Kevin Williams, another Cal Poly professor, has met with Up a Creek multiple times to discuss
possible boat design and manufacturing techniques. Kevin highlighted the relationship between
boat length and top speed, and recommended a number of existing boat styles to reference and
compare potential designs to. A majority of the conversation was focused on manufacturing
techniques for both achieving a desired boat shape and wrapping this shape in a composite
material. In terms of achieving a desired boat shape, Kevin listed two main techniques: a stitch
and glue process, and the shaping of foam. Stitch and glue is a process in which thin strips or
panels of wood are secured into a desired shape over a series of wooden molds and then stitched
together with copper wire. This shape is then removed from the molds and wrapped with
fiberglass on both the inside and outside to ensure structural integrity. The finished product is a
thin wooden shell wrapped in fiberglass that can be reinforced with bolster plates throughout the
length of the shell. Shaping foam, on the other hand, is comparatively simpler as it only involves
the shaping of large blocks of foam into the final desired shape. This can be done both manually
or with a CNC mill, yielding a foam boat shape that is then wrapped in composite material. For
layering the composite material, Kevin recommended using standard fiberglass and marine resin.
This will allow Up a Creek to rely heavily on existing knowledge and manufacturing techniques
to create a robust finished product. Using vacuum bags in the layups has been discussed to
minimize weight of excess resin in the layup. This decreased weight would be beneficial but it is
not currently clear whether or not Cal Poly currently has the resources required to vacuum bag
such a large composite layup.
After talking with Kevin, members of Up a Creek went to The Craft, a local fiberglass supplier.
At The Craft, an employee Nick displayed various types of fiberglass that are already used in
boat construction such as fiberglass chop-strand mat and thick-weave roving. He also
recommended the use of standard marine resin and added that marine-grade adhesive could be
used to easily adhere any structures to the composite boat hull. After discussing the potential
boat shaping methods suggested by Kevin, he heavily advised towards using a foam shaping
process. He warned that creating a stitch and glue structure would be much more labor intensive
due to the need to create a mold, and would probably yield a lower quality product due to the
learning curve that is associated with a stitch and glue process. Various types of foam and their
cost and material compatibility were discussed. When asked about the interaction of Styrofoam
and polyester resin, the assumed foam and resin for creating the boat, he discussed Duratec
Styroshield Primer, a product that could be used to seal the Styrofoam from both water and resin.
This would allow Up a Creek to still use a much less expensive marine resin rather than an epoxy
resin, while adding to the water resistance of the final boat. Additional research into this showed
that diluted wood glue and paper might achieve the same results.
Dr. Mello of Cal Poly was also approached regarding various composite manufacturing
techniques. He was enthusiastic about the project and recommended a wet layup process without
vacuum bags. He also suggested using plywood inserts beneath the fiberglass of the pontoon and
screwing into them, which is the currently used design for the pontoon. His experience with boat
and surfboard manufacturing was extremely beneficial as he was able to provide valuable
insights into the boat’s design and manufacturing processes.
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2.3 Existing Designs
The background research for this project began with looking into various boat hull designs and
the advantages and disadvantages of each. The three main hull types, outlined in Table 2-1, are
planing hulls, pontoon hulls, and displacement hulls. Possible boat shapes are shown in Table 22. Choosing a shape will be critical when it comes to boat performance in the various races.
Table 2-1. Basic Hull Types [3]
Hull

Description

Planing

Glides on surface of water as
boat gains speed.

Pontoon

Creates lift and flotation.

Displacement

Powers through water.

Image

Table 2-2. Hull Shape Comparison [3]
Style

Advantages

Disadvantages

Round

Moves easily at
slow speeds

Unstable

Flat

Shallow draft

Unstable in rougher
waters

Deep ‘V’

Faster speeds,
smoother ride

Unstable on sharp turns

Multi-Chine

Stable

Poor turning radius
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Image

After becoming familiar with the basics behind each hull type and shape, research was directed
towards well-established small watercraft that could be mimicked and improved upon for our
particular scope. A list of existing designs and their attributes are tabulated in Table 2-3 below.
These designs and their associated strengths and weaknesses are also quantified in the Quality
Function Deployment (QFD) (Appendix B – QFD House of Quality).
Table 2-3: Existing Designs
Name
Catamarans

Key Characteristics
•
•
•
•

Kayaks and Canoes

Pontoon-type (balanced
on two separate hulls)
Increased overall width
Increased stability
Competitive speed relative
to a monohull design

Both:
• Thin and lightweight
boats with narrow tips that
minimize their wake and
cut through the water
• Different models for
ocean, leisure, and fishing
uses
• Can feature an outrigger
(additional flotation
support that sits adjacent
to the main hull)

Kayak:
• Generally features a
closed deck; user sits
within the hull with legs
stretched forward
• Designed for competitive
water sports
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Visuals

Hobie Cat – Bravo model [4]

Hobie Mirage Kayak –
Adventure Island Model [5]

Hobie Quest 13 Kayak [6]

Kayaks and Canoes
(cont.)

Bass Boats and Bay
Boats

Canoe:
• Features an open deck,
user sits within the hull
with legs stretched
forward
• Designed for leisure
paddling in calm waters

Bass Boats
• Distinguished by their
deep V hull, leads to
higher speeds but less
stability in choppier
waters
• Low freeboard
(distance from
waterline to the lowest
point where water can
enter the boat) helps to
reduce weight and
drag and thus increase
speed, 14’ and up
• Typically used for
fishing, but are wellrounded
• Generally aluminum
Bay Boats
• Semi-V hull to round
hull
• Higher freeboard
(when compared to a
bass boat)
• 17’ and up
• Fiberglass
construction

10

Old Town Penobscot 164
Canoe [7]

Smokercraft Pro Tracer 162
[8]

Guide Laker DLX T [9]

1810 Nauticbay [10]

A search of previous Solar Regatta competition boats was also conducted to see which designs
have been successful in the past. UC Davis came in second place last year with a modified deep
V style boat [11]. The hull was extremely wide on top to hold the solar panels horizontally and
extremely thin where it contacted the water to minimize drag. San Francisco City College also
had award-winning vessels the past few years [12]. They utilized a catamaran-style (pontoon)
design.
2.4 Patent Research
A patent search through Google Patents was performed in order to find existing designs for
solar-powered watercraft, propulsion systems, and applicable composite structures. A variety of
patents were found and are listed in Appendix C – Patent Research. Italicized items indicate
significant features and/or claims that make that patent unique from similar products and
systems.
Despite the fact that solar-powered boats are not yet popular for recreational or commercial use,
there are a significant number of patents available involving solar-powered boats. Investigating
these patents helped give insight to both the hull design and propulsion system. One trend
amongst existing patents was the use of either a pontoon hull or a hull paired with an additional
floating support. This common design choice leads to more stability than alternatives (i.e. kayak,
canoe, fishing boat); however, it can decrease speed and maneuverability. It has been shown that
the relationships between speed, maneuverability, and stability must be heavily investigated
throughout our design process.
2.5 Technical Literature
Much research has been done on hull design, materials, and construction methods. Sources that
our team has utilized include senior theses, textbooks, technical papers, and books about boats.
These resources have been beneficial in better understanding what is required to design, build,
and test a boat.
Students at the Myanmar Naval Maritime University in the Department of Naval Architecture
and Ocean Engineering wrote their thesis on the “Design of a Pleasure Craft with a Catamaran
Hull” [13]. This paper focuses largely on the design of a catamaran. It includes background
research that sheds light on some very important details such as variations of a catamaran style
hull and lays out the calculations required to determine drag. This paper is a valuable resource
when it comes to designing the hull of our boat. This article has helped shape the decision that a
catamaran is the best style of hull given the competition and constraints (see Appendix D –
Decision Matrices)
The United States Naval Academy teaches the class “Principles of Ship Performance”. This class
has its textbook available online for public use. The topics covered in this book include hull
design, materials, drag coefficients, and many more. The Naval Academy website also includes
PowerPoints slides for each chapter. Chapters include hull form and geometry, stability,
resistance and powering of ships, and ship maneuverability. Based on a preliminary viewing of
these chapters, there appears to be useful information including but not limited to equations,
calculations, and design best practices [14]. Although not a technical or peer-reviewed
publication, this resource contains valuable, practical design information.
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Professors F. Paradis and G. Gendron from the Université Laval, Canada published a technical
paper titled “The Structural Modeling and Testing of a Concrete Canoe” [15]. This paper goes
into depth on the optimization of a concrete canoe with particular interest in structural analysis
and experimentation. Since the solar regatta boat necessary for this project will be of similar size
and subject to similar conditions as concrete canoe vessels, this piece of technical literature will
provide guidance when it comes to design work. The process of determining load cases, hull
thickness, and vessel dimensions is outlined and validated which is valuable to the team moving
forward.
The book Fisheries Technologies for Developing Countries provides a comprehensive guide to
small-scale watercrafts. In particular, the chapter "Boat Design, Construction, and Propulsion"
[16] addresses most of our team’s potential technical challenges. The design portion provides a
list of significant factors to consider before settling on a particular type of watercraft. One
section relevant to our group is a comparison of monohulls and multihulls (catamaran). The
author emphasizes that multihulled boats and their “low displacement to length ratios and high
length to beam ratios (long and narrow) offer minimum resistance, easy propulsion, and high
stability”. As far as construction goes, this book offers basic information on cold-molded
plywood, ferrocement (reinforced concrete), fiberglass, plastic tube, and aluminum construction
methods.
Gregory W. Beers and James M. Criner, two students at the University of Michigan, published a
technical article titled “The Successful Design and Construction of a Solar/Electric Racing Boat”
[17] after placing third in the Solar Splash, a competition similar to the Solar Regatta. Since their
scope is essentially the same as ours, this article can provide our group with a general direction
for our decision-making process as well as give us insight into certain design considerations we
have overlooked. In order to reduce their boat’s total wetted surface and reduce viscous drag,
Beers and Criner engineered their boat to have as much dynamic lift as possible. This led them to
choose an inverted “V” hull design as well as a surface piercing propeller. Other relevant
sections discuss their struggles constructing a composite hull and the testing procedures they
undertook before integrating their propulsion system.
The National Advisory Committee for Aeronautics (NACA) is a U.S. federal agency that has
performed extensive research on airfoils. The findings from their airfoil wind tunnel tests are
published in a database [18]. While an airfoil shape is most commonly the cross-sectional shape
of an aircraft wing, the shape proved useful in a different orientation for our low-drag hull. An
airfoil shape with no lift was ideal for minimizing viscous drag in the water. This data also
provided drag coefficients for each airfoil which allowed our team to quantify a portion of the
drag experienced by the hull without the need for complex CFD.
2.6 Industry Codes, Standards, and Regulations
Through research our team has determined that drag will have a major impact on the speed and
efficiency of the boat design. The International Towing Tank Conference (ITTC) provides a
testing guideline for determining the drag on a boat. The procedure outlined provides detailed
recommendations of what tests to conduct and provide a process for determining the uncertainty
12

associated with the tests. This industry test plan provides a road map of how to accurately test
our design and obtain meaningful results that not only account for nominal values but also
considers the many forms of uncertainty [19].
Perhaps the most import considerations for this project are the rules and regulations outlined by
the 9th Annual California Solar Regatta Packet (https://www.smud.org/-/media/Documents/InOur-Community/Solar-Regatta-Packet.ashx). The team must comply with all these regulations to
be eligible to compete. These regulations state each boat’s maximum length and width, require
that the pilot remains visible the entire race, require that we utilize the provided solar panels and
battery, provide safety rules, and more.
3.0 Objectives
The SMUD Organization developed the Solar Regatta Competition to teach students about solar
electricity and sustainable energy. Our Cal Poly Team needs a fast, nimble, low drag boat to
compete in speed and maneuverability competitions on a fresh water lake. The boat must
integrate with the solar propulsion system and will be piloted by an individual.
Up a Creek has outlined a series of objectives that must be met in order to produce a
competition-viable design that aligns with the problem statement above. This process begins
with the boundary diagram of the boat design challenge, shown in Figure 3-1 below.

Figure 3-1. Boundary Diagram
The dotted line in the boundary diagram above visually outlines the scope of work for the boat
design. Due to the competition nature of the project, there are a large number of external factors
that are beyond team control including the lake conditions, weather, and competition rules.
Although there are many things that the team cannot control, there is much design freedom in the
boat itself, shown in the dotted line. Up a Creek will be responsible for the boat’s shape,
construction, and integration of the propulsion system with no major restrictions other than
safety regulations and the specified size requirement.
3.1 Needs and Wants
With the scope of work defined, a set of needs and wants for the boat were outlined. These needs
and wants are tabulated in Table 3-1 below and will be used to further direct the design of the
boat.
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Table 3-1. Needs and Wants
Needs
Holds Person + Propulsion System
Solar Panel Mounting
Propulsion Mounting
Fits Within Size Requirements
Visible Pilot
Buoyant
Safe
Roll-Resistant

Wants
Lightweight
Hydrodynamic
Aerodynamic
Aesthetically Pleasing
Maneuverable
Fast
Sustainable Design
Ergonomic

Items in Table 3-1 were classified as “Needs” if they are vital for the boat to be able to compete
in the competition events. Some were specified by Up a Creek based on obvious requirements to
compete, such as being able to hold a pilot and the propulsion system, solar panel and propulsion
system mounting, buoyancy, and roll-resistance. Other needs are a result of specific competition
rules, such as fitting within the 8’x20’ size limit, ensuring the pilot is visible, and having the
appropriate safety mechanisms called out by rules documentation.
In contrast, the “Wants” column in the table above are a list of requirements that Up a Creek
believes will allow the boat to perform well in the competition. These are much more
performance-based, such as being lightweight, hydro and aerodynamic, maneuverable, and
ergonomic. In the design of the boat, all needs will be met and all wants will be pursued.
3.2 Quality Function Deployment
Once the list of needs and wants was established, a Quality Function Deployment (QFD) process
was used to define our engineering specifications and evaluate different potential boat designs.
The QFD chart for Up a Creek can be found in Appendix B – QFD House of Quality and
outlines the main considerations made when evaluating various boat styles. The previously
determined needs and wants fill the left side of the chart, listing out various qualitative factors
for the boat. Engineering specifications line the top, which outline various performance
specifications that can be measured to evaluate design performance. Five different boat styles
were then rated for their ability to meet each of the performance categories in order to help
narrow down potential design solutions.
3.3 Engineering Specifications
The engineering specifications are tabulated along with target values for each specification in
Table 3-2 below. These have been updated for the CDR to reflect more realistic values obtained
as the design progressed.
The risk column is filled with L for low, M for Medium, and H for high to signify the risk for
final product performance associated with meeting or not meeting this specification. The
compliance column is filled with I for inspection, T for testing, and A for analysis to indicate
how the specification will be measured.
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Table 3-2. Engineering Specifications
Spec
#
1
2
3
4
5
6
7
8
9

Specification
Requirement or Target
Description
Panel Stability Less than .5” of slop in panel
mounting when shaken
Overall
8’ x 20’ x 5’ above surface of water
Dimensions
Bridge
300 pounds
Weight
Capacity
Pilot Fatigue
Able to be operated for 12.5
minutes continuously
Top Speed
7 mph
Overall Drag
CDA of less than 0.20 ft2 per
pontoon
Leakage
Fully sealed, no visible leaks, no
shrinkage of foam
Turning
30 feet
Radius
Overall
340 pounds
Weight

Tolerance Risk Compliance
Max

L

I

Max

H

I

Max

H

T

Min

M

T

±1 mph
Max

M
M

T
T, A

0

H

I,T

Max

M

T

± 20 lbs

M

A, I

Specifications will be measured in the following ways:
•
•
•
•
•
•
•
•
•

Panel Stability – Panels will be manually shifted to extremes of mounting conditions (if
any) to ensure that they are appropriately mounted.
Overall Dimensions – Boat will be measured both in and out of the water to ensure it
remains within size constraints.
Weight Capacity – Boat will be loaded with weight until it sinks to a predetermined
maximum allowable level.
Pilot Fatigue – Each driver will be pilot the boat for 12.5 minutes and will be surveyed to
ensure they comfortably remained in control of the boat.
Top Speed – A phone with a GPS speedometer app will be used to measure speed
Stability – Boat will be manually displaced from side to side to ensure that a roll-over
event does not occur at less than the specified value.
Overall Drag – Boat speed will be compared with analytically determined ideal boat
speed. Testing can also be done by pulling boat at a certain speed and using a load cell to
measure drag force.
Leakage – Boat will be left in the water with a simulated pilot weight for a set amount of
time and water ingress will be measured.
Turning Radius – Boat will perform turns in a marked-out section of lake to determine
minimum turning radius.
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•

Overall Weight – The hull, propulsion system, panels, and pilots will separately weighed
with a scale to determine the overall weight.

Of the above engineering specifications, overall drag, turning radius, and overall weight have
been labeled as high risk specifications. Overall drag is listed as high risk because it is one of the
most critical factors regarding the boat’s ability to achieve high speeds. Turning radius has been
listed as a high-risk specification because it is critical that the boat have a tight turning radius to
be considered maneuverable. It is important to note that a tight turning radius and high speed
(low drag) do not necessarily align with each other, meaning that a balance must be struck
between the two. The final high risk specification is overall weight, as this weight will affect the
boat’s ability to accelerate. Acceleration will be important for both winning drag races and
accelerating out of turns in the maneuverability and endurance events.
4.0 Concept Design
4.1 Ideation and Design Direction
The ideation process began with a functional decomposition activity. The problem was broken
down into the following: primary function, things the design must do, and attributes, things the
design should be or have. The primary function of the boat is to float, move forwards, turn,
mount solar panels, hold a pilot, and integrate with a propulsion system. Boat attributes expected
out of the chosen design include low drag, stable, and aesthetically pleasing. From here, the team
took to generating as many ideas as possible utilizing brainstorming, brainwriting, and
SCAMPER methods. These methods and the resulting ideas are recorded in Appendix E – Idea
Lists.
Up a Creek then built concept models with the goal of clearly communicating ideas with one
another and performing a very basic feasibility check. The models simulated various pilot seating
ideas, solar panel location, turning mechanisms, pontoon connection, propulsion location, and
hull shapes. Images of these concept models are included in Appendix E – Idea Lists. Perhaps
the largest design decision this team faced was hull shape. Many hull designs were considered
including kayak, canoe, outrigger, fishing boat, hydrofoil, and catamaran. Canoes and kayaks are
fairly similar, featuring a monohull that can achieve the desired speeds for this project. The
downsides are the limited amount of space for system integration and the lack of stability with
these watercrafts. Outriggers have a second hull for added stability but this hull is unique from
the first. This would require much more design analysis and manufacturing time to execute.
Fishing boats are another monohull option, but due to their larger size are not as fast. A hydrofoil
was the most out of the box idea. This would entail lifting off of the surface of the water and
planing. While speed would be maximized, the necessary thrust to achieve this is high and safety
is of concern. Finally, a catamaran is a multihull option that allows for high stability and high
speed, with plenty of space for system integration. Sketches of these hull designs are shown
below in Figure 4-1.
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Figure 4-1. Top Concepts
The team refined ideas and narrowed down the selection using the method of controlled
convergence. This involved creating Pugh Matrices for each of four functions; hull shape,
material, mounting, and steering. Using theses matrices, the best features were combined while
the weaker features were eliminated. This led to the creation of a System Morphological Table.
Listed subfunctions and top Pugh matrix ideas were combined to create three system design
alternatives. Option A was a catamaran shape made out of fiberglass with exterior pin mounting
and dual variable propulsion. Option B was a hydrofoil made of carbon fiber with insert mounts
and a central propulsion system. And finally, Option C was a canoe made of wood with glue for
mounting and a central propulsion system. To come to one selected design a Weighted Decision
Matrix was used. The criteria weighted to make this critical decision was cost, integration ease,
speed, maneuverability, design feasibility, and safety. The final weighted matrices were included
in Appendix D – Decision Matrices. Cost and safety were weighted as the most important criteria
because the team can only create what the budget allows and no one should be put at risk of
injury for a senior project. Integration with propulsion, manufacturability, and design feasibility
were ranked similarly to one another. These all deal with the ability of the two senior project
group to execute on the creating of a functional vessel. Here is where the option of a hydrofoil
began to fall behind. If this design worked it would speed past all competitors, but the likelihood
of failure if there was not enough power to cause lift was riskier than the team desired. Speed
and maneuverability were given the least weight because these are things the team desires to
perform well in the Solar Regatta Competition, but they are not crucial to the creation of a
functional boat. Summing the totals, Option A won by a slim margin over Option B. Based on
this matrix, Up a Creek will therefore move forward with the design and build of a catamaran.
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4.2 Selected Concept
The selected concept features a catamaran with two pontoons of equal size and shape connected
in parallel by a bridge. The bridge will be mounted to the pontoons using a marine grade
adhesive. It will utilize a pin system comprised of a fixed exterior insert mated to a module
crossbar which will allow the boat to be dissembled and transported easily. The pontoons will be
constructed of foam coated in fiberglass with a polyester resin matrix. Steering will be done
using a dual variable propulsion system mounted to the rear of each hull controlled by the pilot
via a cable system. Solar panels are to be mounted perpendicular to the pontoons.
To create a preliminary CAD model, dimensions were needed for the hull geometry. These
dimensions were largely based off of design formulas from vessel design sources [20]. Key
dimensions include the length of the hull and waterline as well as the length of the beam and
beam waterline. Similar products on the market were used as a starting point when determining
length and width. The catamaran was set at 14 ft long and 4.5 ft wide. Additionally, there are
several dimensionless parameters to consider with a large impact on performance. The length
beam ratio is a ratio of the length water line to the beam waterline. Higher values are conducive
to light, low-drag hulls, but sacrifice some load carrying capacity. According to Marsh Marine
Design [21], values of 10-16 are indicative of a fast cruising catamaran, while values of 16+ are
for racing multihulls. A preliminary value of 12 was decided upon for this project using this
knowledge. There is also a midship coefficient and prismatic coefficient to consider. The
midship coefficient is a ratio of underwater cross-sectional area at a particular location and the
area of a rectangle at the same breadth and draught. More simply, this indicates whether the hull
is boxy or cut-away. 0.8 is a conservative value for an elliptical cross-section and provided a
starting point for the team. Prismatic coefficient accounts for the fullness of the hull. For
catamarans, an optimal value is around 0.6. The entire development of these preliminary
dimensions was based upon the design guidance found in Appendix F – Preliminary Analyses
and M.B. Marsh Marine Design.
The preliminary CAD model featuring the pontoons and modular aluminum bridge is outlined
below in Figures 4-2 through 4-8. The driving dimensions of height, beam overall width,
centerline width, and waterline width are influenced by background research and calculated
using empirical boat parameters show in Appendix F – Preliminary Analyses. This does not yet
include the entire integrated system with solar panels, a pilot, and a propulsion system.
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Figure 4-2. Isometric View. The catamaran measures 14 x 4.5 x 2.2 feet.

Figure 4-3. Front View. Overall Beam Width = 4.5’.

Figure 4-4. Side View. Overall Length = 14’.
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Figure 4-5. Top View
The length and width were chosen through an iterative process consisting of matching the
estimated combined weight of the hull, propulsion system, and pilot with the weight of the water
displaced by the hull. The Hobie Bravo Catamaran can support a similar load and is twelve feet
long, compared to the currently projected fourteen foot design. The overall size of the pontoons
will likely decrease as ways are found to reduce the necessary hull loading.

Figure 4-6. Back View. Overall Height = 2’ (measured from the flat top of the catamaran to the
lowest submerged point).
The front view shown in figure 4-6 above displays the soft chine – a flat bottom contour that
favors speed rather than maneuverability. This design decision reflects the fact that a multihull is
significantly more stable than a mono-hull. Figures 4-8 and 4-9 feature close-up views of the
modular aluminum bridge.
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Figure 4-7. Modular Aluminum Bridge. Shoulder screws and hex nuts allow for easy attachment
and detachment between the external, larger square tubing and the internal, smaller square
tubing. This will increase ease of transportation and repairs.

Figure 4-8. Modular Aluminum Bridge. The flat aluminum plate is secured to the pontoon’s
fiberglass coating with marine grade adhesive. With a higher surface area in contact between the
plate and the pontoon, stress will be distributed over a larger area.
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Table 4-1. Initial Bill of Materials – Bridge Assembly Materials
Description
Aluminum 6061 Square Tubing External Inserts
Aluminum 6061 Square Tubing Crossbars
Aluminum 6061 Oversized Square
Sheet
Shoulder Screw
Hex nut

PN (McMaster)
6546K56
6546K53
89155K11
90298A626
92673A119

Rather than create an indent in the pontoon to fit an insert, female external inserts were chosen.
These will be welded to a large, square, sheet of aluminum. This allows for an increased
interface surface area between the pontoons and the bridge which will be bonded by marine
grade adhesive. In turn, stress will be more evenly distributed throughout the fiberglass layers
supporting the bridges. A combination of shoulder screws and hex nuts may be slightly more
difficult to dissemble, but are ultimately much more secure than a simple pin-lock mechanism.
One area of improvement could be substituting the current square tube external inserts with
angled brackets. This would make construction and assembly easier for the user, while still
sustaining the required load. Currently, the male and female square tubing has no clearance,
which would require sanding down the interface sections of each mating surface. The angle
brackets would help eliminate this issue as well.
4.3 Concept Prototype
The concept prototype was made using extruded polystyrene (XPS) foam, 10 oz fiberglass, and
polyester resin to create a rudimentary model using the manufacturing techniques and materials
expected for use in the final design. The resulting prototype is shown in Figure 4-9.

Figure 4-9. Concept Prototype
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The model was focused on proving manufacturing methods and procedures as well as gaining a
working understanding of how materials will function and what their limitations are. At this
point in the project, the general dimensions and shape are the only knowns. This basic
knowledge was used to build the prototype. It is important to note that the concept model created
is not meant to be a scaled model of the final boat.
The main objective of the creation of the concept model was to determine the feasibility of the
proposed manufacturing process. The process used is as follows:
1.
2.
3.
4.
5.
6.
7.
8.

Cut XPS foam insulation panels to size
Glue and clamp panels to form rectangular blank
Use a hot wire to obtain a general net shape of blank
Sand the blank to achieve the desired final plug shape
Coat plug with sealant
Wrap with plastic to prevent polyester resin from melting foam blank
Apply layer of fiberglass and polyester resin to top and allow to cure
Apply layer of fiberglass and polyester resin to bottom and allow to cure
Trim and sand fiberglass

Forming the XPS was a simple process. A hotwire foam cutter was used to form the general
shape of the plug. Sanding was equally quick and simple. XPS foam is very workable and it was
not difficult to achieve the desired shape. In the final design a step that would be added is to fill
low spots with putty then sand again, repeating this process until the shape is identical to the
model. Although the team’s plan is to use a CNC machine to cut the plugs for the final design,
this procedure has shown that it is quite possible to form the pontoons by hand if necessary.
One of the big lessons learned through this process was the limitation of polystyrene.
Polystyrene foams are lightweight and affordable, but do not stand up well to chemicals. The
first issue the team ran into was gluing the panels together. Industrial strength sprayable adhesive
was used to glue the panels together. This glue contained chemicals that partially melted the
boards. The adhesion was adequate for the concept model, but must be improved upon for future
iterations. There are two logical solutions this problem. The first solution would be to find an
adhesive that binds the boards together and that does not melt the foam. This should not be very
difficult as many arts and crafts require the gluing of polystyrene foam. The next step would be
to go to a craft shop and see what adhesives are available given the constraints. The second
option would be to eliminate the need for glue entirely using a large foam blank for each
pontoon. Based on conversations with suppliers, it seems possible to get blanks of the size
needed. However, if the blanks are to be cut on a CNC machine, they will likely need to be made
in sections that will be glued together. This may limit the use of glue; however, it is unlikely that
it will be entirely eliminated.
Before beginning manufacturing, it was known that the polyester resin, which is planned for use
to laminate the fiberglass, would melt the polystyrene. In an attempt to prevent the plug from
being melted, it was coated with an epoxy-based paint. The goal of this coat was to seal the foam
to prevent the polyester resin from melting when applied. This sealant, however, also melted the
foam, thereby defeating its purpose of sealing the plug. At this point, step 6 was added to the
23

manufacturing process of the concept prototype. The plug was wrapped with kitchen plastic wrap
and the seams where the plastic overlapped were sealed with duct tape. Wrapping the plug was
necessary for the concept prototype, but it decreased the quality of the fiberglass layup.
There are a few different ways to prevent the foam from melting. The issue comes from the fact
that polystyrene is melted by polyester resin. The ideal solution would be to use epoxy resin.
Epoxy resin does not melt EPS, is easier to work with than polyester resin, and is less caustic.
The limiting factor of epoxy resin is the cost. Epoxy resin can cost anywhere from three to five
times as much as polyester resin. Given the tight budget of this project it currently is not feasible
to use epoxy resin, so an alternative solution must be developed. Another option is to use a
different foam that is not melted by polyester resin. Again, cost inhibits this change. The final
and most realistic option is to find a sealant that adequately seals the foam. Based on research,
there are multiple proven methods to accomplish this. One method is to cover the plugs with
paper that has been saturated with a water wood glue solution. Another method is to use
DuraTech Stryroshield Primer, which is designed specifically for sealing polystyrene to allow it
to be glassed with polyester resin. However, Styroshield is quite expensive at around $100 per
gallon. Potential sealing methods will be tested and compared while heavily considering cost.
An additional goal of the concept protype was to gain experience working with composites and
wet layups. This was the first time any team member had done a wet layup before and the
process taught the team a lot about how to work with fiberglass and resin. Looking at the concept
model created, it is clear that the fiberglass delaminated from the plug. This is largely because of
the plastic wrap used to prevent the plug from being melted by the resin. In the future this will be
avoided by sealing the plug and not wrapping it. One step that will be added to the final
manufacturing procedure is sanding and trimming the top layer of glass before apply the bottom
layer. Looking at the model one can see where there are imperfections created by the overlap of
the top and bottom layers of glass. Additionally, more care will be taken in cutting the glass to
ensure that it adequately covers the plug. The model has some spots on the nose and tail that are
not covered completely with glass. This was a result of poorly cut laps. Another obvious flaw in
the model is the lack of saturation of the fibers. Correctly saturated fiberglass is mostly clear, and
it is difficult to see the weave, however in many parts of our model there was not enough resin to
fully saturate the fibers. To fix this in the future more resin will be applied and the it will be
more aggressively forced into the fibers using a paint roller instead of a paint brush. The team
will continue to practice using wet layup techniques to ensure that when the time comes to build
the final boat they are adequately prepared.
This concept model has provided much insight into what how to create a composite layup using a
foam plug. Based upon the lessons learned our next steps include:
1. Finding an adhesive to bond the foam without melting it
2. Decide how to seal the foam so the resin does not melt it
3. Practice wet layup techniques
Photos of the step-by-step process are documented in Appendix G – Concept Prototype.
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5.0 Final Design
The final design chosen for the Solar Regatta Competition hull is a catamaran style boat with
approximately 14 foot long, NACA airfoil-shaped pontoons. These pontoons will be
manufactured out of foam and sealed with a fiberglass and epoxy wet layup. The bridge structure
connecting these pontoons is to be manufactured using aluminum tubing and will interface with
the pontoons via plywood inserts. The propulsion system will mount to the rear of each pontoon
and the solar panels will mount to the bridge. The pilot will be located in between the raised
solar panels.
5.1 Subsystems and Components
The catamaran hull is divided into four subassemblies: the pontoon subassembly, the middle
bracket, the bridge, and the solar panel mount. Each subassembly is labeled in Figure 5-1.

Figure 5-1. Hull Subassemblies
Each pontoon subassembly is mated to the bridge with two middle brackets. The solar panel
mount elevates the solar panels securely above the bridge. When fully assembled, the hull is 14’
long, 8’ wide, and 2.2’ tall. Figure 5-2 below provides top and front views to help visualize these
dimensions.
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Figure 5-2. Hull Overall Dimensions
The pontoon subassembly and a close-up of its angle irons and fasteners are displayed below in
Figure 5-3 and 5-4.

Figure 5-3. Pontoon Subassembly (Isometric View)
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Figure 5-4. Pontoon Subassembly Fasteners
The pontoon subassembly consists of modified 1” square tubing, modified angle irons, purchased
hardware, and the pontoon itself. This subassembly keeps the entire hull afloat and is designed to
move through water with minimal drag. The pontoon is made from foam and plywood inserts
wrapped in fiberglass cloth and epoxy resin. The modified angle irons are fastened to the
plywood inserts with wood screws and washers as shown in figure 5-4 above. The aluminum
tubing is secured between each set of angle irons with bolts, washers, and nuts. The propulsion
system and steering system are both secured to the tail end of tubing with a larger, U-shaped tube
and the same hardware used throughout the pontoon subassembly.

Figure 5-5. Middle Bracket, Bridge, and Solar Panel Mount Subassemblies (Isometric View)
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Figure 5-6. Middle Bracket, Bridge, and Solar Panel Mount Subassemblies (Front View)
The middle bracket shown in figure 5-7 below connects the pontoon subassembly’s 1” square
tubing with the bridge subassembly’s 1.5” square tubing with bolts, washers, and nuts. The
modular design capabilities of the middle bracket are discussed in Section 5.2.

Figure 5-7. Middle Bracket

Figure 5-8. Bridge Subassembly (Detail Bottom View)
The bridge features two 1.5” square tube crossbars that stretch across the two pontoons and a
single 1.5” tube that connects the crossbars and gives addition support for the pilot’s weight.
Atop sits three modified plywood platforms that support the pilot and provide space for
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additional storage. The tubing and center plywood panel are secured with purchased T-brackets
and bolts, washers, and nuts. The side panels are fastened to the tubing with self-tapping screws.

Figure 5-9. Solar Panel Mount Subassembly on Edge of Bridge Bars
The solar panel mount subassembly consists of a set of 1” square tubes, two custom brackets,
hardware, and the actual solar panels. This subassembly elevates the solar panels a foot (1’)
above the plywood platform such that the portion of the pilot’s shadow that strikes the solar
panels is minimized. This distance between the bridge’s plywood platforms and the solar panels
creates an ergonomic storage space easily accessible for the pilot. The first custom angle bracket
connects the tubing and the solar panels with bots, washers, and nuts. The second custom 45
degree bracket provides support to the vertical tubing. That bracket is fastened to the tubing with
bolts, washers, and nuts as well as to the bridge’s tubing with rivet nuts, bolts, and washers.
Reference Appendix H – iBOM and Appendix I – Drawing Package for details on each
subassembly and its components.
5.2 Modular Design
The hull assembly is almost entirely modular, which allows us to adjust the relative positions of
the bridge and the pontoons as well as remove the solar panels entirely. The bolted connections
and custom brackets that allow for this modularity are shown in figure 5-10 below.
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Figure 5-10. Modular Design Components
The middle brackets can be unfastened from the pontoon subassembly’s square tube, moved up
or down the length of the tube, and re-fastened to another set of the tube’s through holes. These
holes are spaced 6” apart, the bridge and everything attached to it can be adjusted until the
waterline sits parallel with the pontoon’s top surface. In addition, the distance between the two
pontoons can be adjusted across the bridge’s crossbars. Optimal positioning will be found via
testing procedures outlined in Section 7.2.
Before the sprint race, the solar panel mount’s tubing and custom 45 degree support bracket can
be easily unfastened from the bridge. The solar panels are positioned on either side of the
approximate location of the center of mass; therefore, removing the panels will not offset the
center of mass nor change the waterline.
5.3 Design Choice Evidence
As discussed previously, a catamaran style hull was chosen due to its inherent stability, area for
propulsion integration, modular potential, speed, and minimal material cost. This was the team’s
first major design decision preceding the Preliminary Design Review.
Next pontoon size was addressed. The maximum length allowed by the competition is 20 feet,
and the longer the boat, typically the faster it is. Since we are faced with both speed and
maneuverability races we were aware trade-offs would have to be made. From background
research we found that length-to-beam ratio is a dimensionless parameter which is characteristic
of boat performance. Cruising catamarans on the market typically fall between 12 and 16. Using
this as rough range, manufacturability was then considered. The foam will be shaped using a
shop bot with a working area of 4 feet wide by 8 feet long. The pontoons will have to be
constructed in sections, but minimizing the number of sections that must be aligned and glued
together is desirable. From this, the team decided on approximately 14 foot long pontoons,
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leaving room from mounting and potential error during the manufacturing process, but gaining
some of the increased performance qualities that come with a longer boat.
To determine the width and shape of our pontoons we considered the amount of water that must
be displaced in order to support the necessary loads. The total weight of the solar panels, pilot,
bridge structure, pontoons, and propulsion system was estimated at 340 pounds. To support this
5.45 cubic feet of water must be displaced; 2.725 cubic feet per pontoon. The Excel file used to
come to this conclusion in located in Appendix J – Hull Displacement and relies on simple
buoyancy calculations. We then used SolidWorks to design potential pontoon shapes and
measure their displacement.
The pontoons from the concept design CAD were found to be drastically oversized for our
requirements. In a discussion with Kevin, we learned that hulls are typically tapered with the
submerged portion being slimmer than the unsubmerged. This is formally defined by the
prismatic coefficient. An optimal prismatic coefficient is necessary so the performance of the
boat changes minimally even if the weight being supported is changed. The front and rear of the
hull should also be vertical to maximize the length of the waterline. Since our weight was
estimated and longer boats are generally quicker, these were both qualities we wanted out of our
pontoon shape. Furthermore, Kevin provided us with a ballpark of 2:1 to 3:1 ratio for the height
of what is out of the water to the height of what is submerged in water. It is important to
remember that boat design is very much a trade learned through experience so here we are
mimicking what is known to work. The pontoon shape iterations are shown in Figure 5-11.

Figure 5-11. Pontoon Iterations with Waterline
The final pontoon design (far right) measures 10 inches tall with the waterline located at 3.80
inches. The shape of the pontoon is defined by NACA airfoil coordinates [22]. Extensive testing
has been performed on these airfoil profiles, providing the team with ample data for analysis.
This pontoon is a loft between NACA Airfoil 0009 on top and NACA Airfoil 0006 on bottom.
These airfoils were selected because they are thin, minimizing the drag our team has control
over, and they are symmetrical, meaning no lift is generated. The following general equation was
used to quantify drag, where FD is the drag force, r is the density of the fluid, U is the velocity of
the fluid, A is the affected area, and CD is the drag coefficient.
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The Propulsion Team identified a CDA value of 0.2 ft2 per pontoon to be the maximum
allowable. Using a tool called Xfoil [23], which was developed by MIT, skin friction drag
coefficients were gathered for these particular airfoils and the CDA was calculated. The same
equation was then used for pressure drag and this time the coefficient was determined
graphically from NACA data. Figure 5-12 displays this plot.

Figure 5-12. Curves of Drag Coefficient vs. Reynold’s Number [18]
Once combined, the resulting CDA was 0.0168 ft2. The full spreadsheet used for these
calculations, along with the raw Xfoil data is included in Appendix K – Hull Drag Calculations.
A hull also experiences wave drag which is much more difficult to quantify. To estimate this
without the use of complex CFD, the calculated value of CDA was multiplied by a scaling factor
of 2.67. This is based on the wave drag component of a typical hull’s drag breakdown, shown in
Figure 5-13. The total estimated CDA for this hull is s 0.0447 ft2 per pontoon, which is much less
than the value requested by the propulsion team.
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Figure 5-13. Components of Hull Resistance
The final material that we decided on for the creation of the pontoons was polystyrene foam and
epoxy resin with fiberglass. There are a couple of reasons that we decided on this specific
combination of materials. One of the main reasons is that these are proven materials for our
desired application. Today high-end surfboards are made of EPS foam, fiber glass and epoxy
resin. These boards are made to withstand the significant loads experienced while surfing large
waves.
Another reason that we chose to go with epoxy resin was based on conversations with faculty
members Dr. Elgandor and Dr. Mello. Early on in the design phase we were considering using
polyester resin, however, were advised otherwise. The main issue with polyester resin is that it
will melt the polystyrene if not correctly coated (as seen in the concept prototype). By sticking
with epoxy resin, we greatly decrease the risk of failure when building the pontoons.
We decided on six oz glass based on a desire to balance strength with a smooth surface finish.
The heavier the weight of the glass, the stronger it is. Also, the weave will be visible even after
being wetted out. Six oz glass is industry standard for long board surfboards and stand up paddle
boards. Six oz glass allows for the pontoons to be strong and impact resistant while maintaining
a smooth surface, which is important for decreasing the overall drag experienced by the
watercraft.
In order to determine the number of layers of fiberglass needed, shear and moment diagrams
were created for the pontoon using an Excel calculator. First, the CAD model was sectioned off
so that only the section of the pontoon below the waterline remained. The volumes of
incremental sections of this model were then recorded in four inch intervals to obtain the buoyant
force distribution of the water on the pontoon as a function of the displacement from the front of
the pontoon. Equal bridge reaction forces equal to one half of the total buoyant force per pontoon
were each applied around the center of buoyancy, creating the free body and shear diagram seen
below.
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Figure 5-14. FBD and Shear Diagram for Pontoon
The shear diagram was then integrated to obtain the following moment diagram.
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Figure 5-15. Moment Diagram for Pontoon
This moment diagram was then used to evaluate the bending stress at each section using the
standard bending stress equation of:
𝑀𝑦
𝜎=
𝐼
Where 𝜎 = Bending Stress
M = Internal Bending Moment
y =Distance from Centroid to Point in Question
I = Area Moment of Inertia
The cross sections of the pontoon hull were modeled as simple rectangles in order to simplify the
analysis, with the height set at 12 inches and the average width determined by dividing the
volume per section by the 3.8-inch waterline height multiplied by the 4-inch section length. An
area moment of inertia was obtained by applying a fiberglass thickness that creates a border
around the rectangle and subtracting the remainder of the rectangle’s area moment of inertia. A
fiberglass thickness of .0039 inches, or the thickness of one six-ounce layer of fiberglass, was
used to create the stress diagram below.
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Figure 5-16. Stress Diagram for Pontoon
It can be seen that the maximum stress of 1943 psi occurs at the location of the second bridge
reaction force from the front of the boat. This stress, calculated with only one layer of six-ounce
fiberglass, is well below the acceptable material limit of 75,000 psi for e-glass fibers. For this
reason, the fiberglass layers of the pontoon will act much less as structural support, and much
more as protection for the foam from abrasion and impact. Three six-ounce layers of fiberglass
will be used to provide this protection, which is standard for most high end surf and paddle
boards.
It should be noted that it is planned for the bridge location to be adjustable, while the calculations
above account for only one bridge location. However, the current factor of safety of over thirty
with only one layer of six-ounce glass leads us to believe that three layers of glass will be more
than capable of withstanding any loads created by varying the bridge mounting location. In
addition, the aluminum bar planned to span the length of the pontoon will help take up load, and
is not included in this analysis.
The two aluminum bridge pieces that span the pontoons were conservatively designed to each
withstand the full bridge load with the pontoons as far apart as allowed by rules, along with a 1.5
factor of safety. Standard beam calculations were used in conjunction with the bending stress
equation used above in order to determine the stress in the bridge bars. It was determined that for
an 8-foot-long bridge bar constructed of 1.5-inch, .125-inch wall square tube with a threehundred-pound load located at the middle, the maximum stress would be 23,000 psi. This allows
for the desired 1.5 factor of safety compared to the 40,000-psi yield strength of the 6061aluminum used to construct the square tubes. The lengthwise bar connecting the two bridge
pieces is rated to withstand even more load, as it is constructed of the same material, but shorter
than the two main bars that span the pontoons.
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The pilot of the boat will be seating in a reclined position between the solar panels which
measures 18” wide, just larger than the shoulder width of the pilot. This prevents the shadow of
the pilot being cast over the solar panels and reducing power transfer. This is also to minimize
the weight of the bridge by being space-efficient. The endurance race requires pilots to switch
out during the event where the small width could be of concern. We will not have an issue with
these measurements since the endurance race is run off of battery power and the solar panels will
be removed.
5.4 Safety, Maintenance, and Repair
Several safety concerns come with this project since it takes place on the water. The failure
modes and effects analysis (FMEA) is provided in Appendix L – FMEA. It considers potential
failures of the bridge and pontoon subsystems and our plans to mitigate these failures.
Other hazards associated with this project are recorded in the Design Hazard Checklist from
Appendix M – Design Hazard Checklist. Safety around a large moving mass, epoxy and
fiberglass material handling, and proper use of the boat were all considered. Each team member
who wishes to enter the water must also complete a California Boating Safety Course which will
help to better ensure the dangers are understood and accidents are avoided.
Due to the high cost of this project, there will not be many spare materials purchased for
maintenance or repair. At the competition we plan to have extra fasteners for all of the
connection points in case any fasteners are lost in transport, we require more attachment points,
or there is a failure. We will also bring a patch kit for the pontoons in the situation that damage
occurs due to handling or transportation.
5.5 Cost Analysis
Cost was a major concern in the design and execution of this project. After applying for the
Baker/Koob Endowment (See Appendix N – Baker/Koob Endowment Application) and
receiving no funding in the Fall, we were 53% funded. However, on February 7 we received
$1200 from MESFAC (See Appendix O – MESFAC Application). Paired with the $1000 we
initially received, Up a Creek is now fully funded.
In attempt to decrease the overall cost of materials for the project we have reached out to
Gougeon Brothers, the creators of West System Epoxy Resin (the resin we plan to use for this
project). We have been added to their Educational Support System, granting us access to their
products at heavily discounted prices. Unfortunately, even with these lower prices, it is still more
expensive to buy product directly from their company than from The Craft. The table below
includes a cost breakdown of each subassembly. For the cost and supplier of each individual
component see Appendix H – iBOM.
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Table 5-1. Cost Breakdown
Item
Foam
Fiberglass
Resin
Plywood
Fasteners
Brackets
Aluminum Tube
Other

Total Cost
$
520.80
$
374.33
$
533.22
$
60.69
$
53.51
$
81.19
$
202.90
$
51.85

Total

$

1,878.49

Because of the high invest required for many of the assemblies in our project, we opted to create
the custom brackets we will be using for our design verification prototype. We did not want to
make any of the major purchases (such as foam, epoxy, or aluminum tube stock) until having the
design approved at the Critical Design Review.
The brackets we have built only cost us $22. We thought we would need to buy stock from
McMaster Carr, however after taking a trip to BB Metals in Santa Maria, we found that we could
purchase scrap aluminum plate at a significant discount.
The highest cost subassembly in this project is the pontoons. While consisting of only three
materials (foam, epoxy resin, and fiber glass), this assembly makes up for around 80% of the
total cost of the project. With the higher cost comes higher consequence of failure. Considering
we only have a guaranteed $2,200 as of now, we must be very precise in the creation of the
pontoons since no money is available to fund a second iteration in the case that the first fails.
6.0 Manufacturing and Testing Plan
The following manufacturing plan goes in depth as to how materials were procured, how the
bridge was manufactured, the steps taken to create the pontoons, and the way these components
will be assembled. The documentation below will cover both completed parts and the work that
will be left unfinished by our group due to the COVID-19 pandemic and an inability to use
campus resources.
Possible testing plans used to validate the design of the boat will also be presented. Once again,
all of these plans will be theoretical with no data obtained due to the inability to finish the
construction of the boat.
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6.1 Procurement
Many of the items of used in this project were purchased off the shelf of local retailers such as
the Home Depot, The Craft, and Coastal Aluminum. A few of the items were purchased from
McMaster Carr and shipped.
The material with the longest lead time was the foam. Confusion in the ordering process and
difficulty collaborating with suppliers culminated in a group member driving down to Ontario,
California to pick up the foam used to make the pontoons.
The metal used for this project was primarily purchased from Coastal Aluminum through
collaboration with the Cal Poly IME department. Scrap sheet aluminum for making the custom
brackets was also purchased from B&B Metals.
A majority of the fasteners were purchased from McMaster Carr, with small supplemental
purchases made at the local Home Depot and Ace Hardware.
6.2 Manufacturing Steps
There are two major subassemblies in the design: the pontoons and the bridge. The process for
building each sub assembly is detailed below
6.2.1 Completed Work - Bridge
The bridge was relatively simple to construct, as it only required the cutting and drilling of
aluminum bars. The two main bridge bars were cut to length. All required holes were marked
and drilled for the bridge. The center bar was also cut to length and had its required holes drilled
out. These components were fit together with purchased off the shelf t-brackets and a ¼”
plywood platform. Everything was bolted together with ¼-20 bolts, and self-tapping screws were
used when it was determined that the plywood platform needed to be better secured. The work
competed on the bridge is shown with group member Sean Neuman in Figure 6-1 below.
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Figure 6-1. Completed Center Bridge
Figure 6-2 below shows all aluminum pieces of the bridge, including the pontoon bars, cut to
length and laid out in the rough shape of the bridge. Group member Torrey Duncan can be seen
in the picture to provide scale.

Figure 6-2. Complete Set of Aluminum Bars for the Bridge
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6.2.2 Unfinished Work – Bridge
A number of parts were not able to be manufactured due to an inability to access campus
resources. An outline of the manufacturing plan for these parts is presented below.
Brackets used to attach the solar panels and the pontoons will be constructed of 1/8th inch
waterjet aluminum plate. The middle bridge brackets for the pontoons will be bent to shape in
order to connect the bridge bars and pontoon bars using a vise and wooden dies. Figure 6-3
demonstrates this process.

Figure 6-3. Middle Bracket Manufacturing Technique
Tubes also still need to be cut to length to support the solar panels. They must be mated to
currently unmanufactured solar panel brackets that ultimately join the solar panels to the bridge
structure.
6.2.3 Completed Work - Pontoons
Before the end of winter quarter, the group made substantial progress on the manufacturing of
the pontoons. Prior to spring break, the group had created two full pontoons in foam ready to be
wrapped in fiberglass.
The steps taken to manufacture the pontoon foam shapes are detailed below:
1. Large 4’x8’x3” sheets of XPS foam were cut into 12” strips
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2. The foam strips were glued up in stacks of five using Loctite foamboard adhesive and
pipe clamps to create four of the 12”x15”x8’ blanks shown in Figure 6-4 below.

Figure 6-4. Half Foam Blank Manufacturing
3. Each foam blank had one of its ends cut flat using a hot wire cutter and wooden pieces as
a guide as shown in Figure 6-5 below.

Figure 6-5. Cutting the Blank Ends Flat
4. The group then attempted to join two blanks end to end using more Loctite foam
adhesive and ratchet straps to create two 16’ long blanks, one for each pontoon. Scrap
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plywood endplates were used to stop the straps from digging into the relatively fragile
foam. This process is shown in Figure 6-6 below.

Figure 6-6. Full Foam Blank Manufacturing
5. Unfortunately, the Loctite adhesive alone was not strong enough to secure the two shorter
blanks end to end. As a result, the group decided to cut the front and back pontoon half
shapes separately and then glue them together. This will be outlined in more detail below.
6. To begin the shaping process, top and bottom profiles of the pontoon half-shapes were
plotted and transferred to ¼” plywood. These templates were cut out with a bandsaw,
shown in Figure 6-7 below.

Figure 6-7. Cutting Wooden Pontoon Templates
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7. The wooden templates then had nails driven in so that they could be stuck into the top
and bottom of the foam half blanks. A template stuck into a foam half blank is shown in
Figure 6-8 below.

Figure 6-8. Wooden Template in Foam Blank
8. The top and bottom wooden templates were stuck into the foam blanks. A hotwire cutter
was then run along the edge of both templates to create the lofted shape of the pontoons.
This process is shown in Figure 6-9 below.

Figure 6-9. Cutting the Pontoon Shapes
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9. The half-pontoon shapes were then taken to the Craft, where a router and template was
used to create slots in the foam shapes for fin boxes.
10. Upon completion of the steps above, the group had created four half pontoon shapes; two
for the front, and two for the back. To secure these halves together, six holes were drilled
in each pontoon half. Wooden dowels were inserted in each hole and secured with Loctite
adhesive as shown in Figure 6-10 below.

Figure 6-10. Dowels Inserted into Pontoon Halves
11. The two pontoon halves were then glued together to obtain the final pontoon shape
shown in Figure 6-11 below.

Figure 6-11. Completed Pontoon Shape
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6.2.4 Unfinished Work - Pontoons
The foam pontoon shapes have been created and now need to be wrapped in fiberglass. A
detailed outline of the fiberglass layup process is provided blow.
1. Prop the pontoon up such that it is right side up.
2. Roll fiberglass onto top of pontoon and cut to size around it allowing for 3 inches of glass
to be overlapping to the side of the pontoon
3. Measure and mix enough epoxy resin in small batches such that you have enough time to
work with it before it cures. You can easily mix more as you go.
4. Place wood inserts into precut slots with a bit of epoxy resin to secure them in place
5. Begin wetting out glass starting at the center of the nose, working out and back. To wet
out, pour a bit of resin onto pontoon and use squeegee to force into fibers. Then take
roller to apply a bit more resin to ensure that all fibers have been saturated. You can tell
that the fibers are saturated if they are clear and the weave is no longer visible.
6. Once you have wetted out the entire top surface, allow to cure until it is no longer tacky –
likely 4-6 hours.
7. If there are rough edges from lapping the sides over, trim and sand so they are flush with
the side of the pontoon
8. Flip over and roll out fiberglass on to the bottom of the boat. Because the surface is
curved, you will be required to make relief cuts on both the nose and the tail to allow for
the glass to sit evenly on the foam.
9. 11-14 on the bottom side of the pontoon (minus step 12, as there are no wood inserts on
the bottom of the pontoon).
10. Repeat steps 9-17 until there are 3 layers of glass over the entire the pontoon.
11. To reinforce the wood inserts, cut a piece of glass such that it extends six inches beyond
the insert on the top and three inches o over the side and wet out and apply in the same
manner described above to each insert. Allow to cure.
12. Repeat step 19 four times.
13. Once the pontoon is fully cured, sand the bottom evenly with 120 grit sandpaper.
14. Apply a final coat of resin to the bottom of the pontoon with a chip brush and allow to
cure.
6.3 Assembly
Due to the modular design of the boat, assembly will be simple. The pontoon bars will be
permanently attached to the pontoons using aluminum angle iron and wood screws. The middle
bridge brackets will bolt to the pontoon bars, and the bridge bars will bolt to the middle bridge
brackets. The solar panels will bolt onto the bridge using the solar panel mounting brackets. The
entire boat is designed to be assembled, disassembled, and adjusted multiple times. Everything
with the exception of permanent structures such as the pontoon bar mounting can be bolted and
unbolted easily. For a more in-depth outline of the boat’s assembly process, reference the
Operations Manual in Appendix P – Operations Manual.
6.4 Outsourcing
We do not anticipate outsourcing any portion of this project. All manufacturing and assembly is
well within our capabilities will be manufactured at the Hangar or Mustang 60.
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6.5 Design Verification Plan
This design verification plan section outlines the tests that will be performed for our design, the
procedure each test will follow, and the necessary materials. The results of these tests will be
compared to our engineering specifications to assess how well our design met our need and
wants.
6.6 Specifications
The specifications for our final design include panel stability, overall dimensions, bridge weight
capacity, pilot fatigue, top speed, overall drag, leakage, turning radius, and overall weight.
The panel stability will be assessed by inspection and measurement to ensure the slop in the
mounting system is at an acceptable limit of less than or equal to 0.5”.
A key requirement specified by SMUD is that the competition-ready boat fits the dimensions of
8’x 20’x5’. The will be easily assessed with a tape measure after final assembly.
The bridge weight capacity being at least 300 lb and pilot fatigue will require testing. We need
the pilot to be able to operate the boat for at least 12.5 mins during the endurance race.
The top speed of our boat will be assessed through a speed versus bridge location test described
in the next section. A similar test is true to turning radius. We would like top speed to be 6-8
mph and a turning radius less than 30 feet.
Pontoon leakage will first be assessed through visual inspection and then through testing.
Overall drag and overall weight will be the last to be assessed. Both were estimated through
analysis. Overall drag will be tested and overall weight will be inspected by measuring the
waterline on the pontoon to compare to the theoretical value 3.8”.
Of these specifications, the most critical to meeting our competition goals are pontoon leakage,
bridge weight capacity, and overall dimensions. To perform as well as desired at the competition,
we will need to meet or exceed all of the specifications.
6.7 Test Descriptions
The bridge load test will ensure that the completed bridge is able to withstand the weight of the
pilot and all required gear before the boat is on the water. It will be very easy to complete, as the
bridge will merely be supported by cinder blocks on either side and the driver will sit on the
bridge in a piloting position. If the bridge permanently deforms, then it has failed the test. If it
does not, the bridge has passed.
A leak test will be performed on the final pontoons by visual inspection. If there are no visibly
unsealed areas, the pontoons will be put in a calm body of water (Laguna Lake) and wetted on all
sides. Once removed from the water, if no leakage is seen nor are there signs of damage to the
foam the pontoons have passed.
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Once the hull is fully assembled we will test the correlation between bridge width and turning
radius. This test will require a body of water (Laguna Lake), a 30 ft rope or chord, and a device
to measure speed, likely a small, mounting bike GPS tracker. One end of the rope will be tied to
a buoy and the other end held by the boat pilot. The pilot will then perform a U-turn as tightly as
possible around the buoy and the team will measure the distance of the rope needed to perform
the turn. The test will be repeated with the bridge width ranging from a maximum of 6.75 ft to a
minimum of 2.75 ft in 1 ft increments. All measurements are from center to center of the
pontoons.
Next, different bridge widths will be tested in order to determine to optimal width for maximum
speed. The same bridge adjustments will be made, and a small bike computer will be used to
record the time and maximum speed the boat takes to travel from point A to point B.
Once bridge location is determined, the final assembly will be put through a drag force test and
an endurance test. For the drag force test, we will attach a force transducer to the submerged
portion of the boat. This number will indicate the most optimal rpm for the propulsion system to
run their motors at. The endurance test will mimic the endurance race and ensure that the boat
can operate for 25 minutes continuously and that neither pilot becomes too fatigued.
6.8 Data Analysis and Uncertainty
We will be collecting numerical data and performing data analysis and uncertainty propagation
for the drag force test and the turning radius versus speed test. More detail is outlined in
Appendix Q – Design Verification Plan.
7.0 New Project Scope & Results
Unfortunately, the COVID-19 Pandemic prevented Up a Creek from completing the project as
originally planned due to a complete closure of campus. In order to adapt and continue the
project, the team has changed scope and focused on preparing the Solar Regatta senior project
group of next year to finish the project.
Up a Creek has met multiple times with the new senior project group to inform them on progress
made this year and to help guide their scope of work selection. It has been decided that the new
group will take on a more thorough design of solar panel mounting along with proofing out the
propulsion system. They will also be involved in the fiberglass layup needed to complete the
pontoons. Little to no modification will be made to the boat’s hull design assuming that it does
not have any obvious flaws during testing.
Additionally, members of both the hull and propulsion team will be returning to Cal Poly in the
fall to continue the construction of the boat. It is the hope of all members of both this year and
next year’s team that Cal Poly will be able to take part in the 2021 Solar Regatta competition.
8.0 Project Management
This section has been updated since the Conceptual Design Review to describe progress made
remotely in the third quarter of our project. Recommendations for future work will also be
provided.
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8.1 Operator’s Manual
This quarter, Up a Creek organized an operator’s manual providing guidance for using and
transporting the boat for testing and competition. This operator’s manual can be found in
Appendix P – Operations Manual and details the disassembly/assembly of the boat, the building
of a truck rack for transportation, and general troubleshooting.
8.2 Next Steps
As mentioned, Up a Creek has met multiple times with next year’s senior project team to provide
guidance on continuing the project. As of now, the main work to be completed for the boat hull
is the application of fiberglass to the foam pontoon shapes as detailed in section six of this
document. The boat must also be fully assembled, including the manufacturing of solar panel
mounts as necessary.
9.0 Recommendations and Conclusions
The last section of this report aims to provide helpful information and advice for next year’s
Solar Regatta team. This includes a notated contact list, funding advice, and general tips. In
addition, we have reflected upon this year’s project, recognized the individuals who supported us
along the way, and wish the best to next year’s team.
9.1 Recommendations
The following is a consolidation of all the professors, suppliers, and specialists that Up a Creek
worked with this past year. This contact list includes the name, number, and relevant background
for every individual. Additional information can be found in Section 2.2 Interviews.
•

•

•

•

Kevin Williams – kwilli02@calpoly.edu - (805) 550-3733
o Kevin teaches IME 142 - Manufacturing Processes: Materials Joining and can
provide both advice and assistance with welding as well as most other
manufacturing operations. He has also raced sailboats professionally and currently
lives on one in Morro Bay Harbor, so Kevin was the perfect resource for hull
design questions.
Dr. Brian Self – bself@calpoly.edu - (805) 756-7993
o Professor Self was Up a Creek’s senior project advisor, and we could not be more
grateful. After supporting us at each stage of both the design and manufacturing
process, he can provide general information on our catamaran, logistics on the
S.M.U.D. competition, and tips for maintaining a reasonable timeline in exchange
for fresh-baked muffins and pastries.
Dr. Kim Shollenberger – kshollen@calpoly.edu - (805) 756-1379
o Professor Shollenberger helped answer all our fluid dynamics questions and
advised us on how to properly scale, model, and test our boat. In addition, she has
extensive knowledge on computational fluid dynamics (CFD) software and can
help point your team in the right direction if you go that route. Her husband is a
member of the Morro Bay Yacht Club and is willing to let us execute tests with
his dock access.
The Craft Fiberglass Supply – info@thecraftglassworks.com - (805) 782-9802
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•

•

•

•

o The team over at the Craft are experts at boat and surfboard construction and
repair. In addition to advising us on which foam, resin, fins, and fiberglassing
PPE would work best for the construction of our catamaran, they helped install
our pontoon’s fin boxes for free.
Larry Coolidge – lcoolidg@calpoly.edu - (805) 756-1260
o Larry is the Technical Support Coordinator for the ME department. He was our
primary contact when we attempting to install the Maxsurf software on one of the
lab computers.
Brandon Goddard - bmgoddar@calpoly.edu
o If your team decides to do CFD analysis on the pontoons, Maxsurf and other
software will process your simulations must faster if you run off the AERO
department’s High-Performance Computing (HPC) Bishop Cluster. Brandon
Goddard processed our request to access Bishop.
Teneshia Hackett - TeneshiaH@CoastAluminum.com - (559) 495-6061
o Teneshi was our primary contact with our aluminum supplier, Coast Aluminum.
She has a contract with the IME department that allowed us to waive the
company’s $150 minimum purchase requirement. Be sure to you are ordering on
behalf of Cal Poly’s IME department; use Trian Georgeou as a reference, if
necessary.
Trian Georgeou – tgeorgeo@calpoly.edu - (805) 756-2157
o Trian teaches IME 143 – Manufacturing Processes: Materials Removal, so he can
help answer questions involving lathes and mills. In addition, he helped direct us
towards our Coast Aluminum discount and offered us scrap metal for prototyping.

Funding is key to success of this project – it is expensive to build a solar powered boat and
determining how it will be paid for must be considered in the very early stages of the project.
Typically, during fall quarter, there are grants that can be applied to. These include the
Baker/Koob Endowment, CP connect, and MESFAC. Although our team was only successful in
acquiring funding from MESFAC, we would recommend applying to all financial streams
possible.
In addition to funding available through Cal Poly, industry partnership sponsorships are possible
and can be very beneficial in acquiring free or discounted materials. Our team acquired industry
partnership from West System Epoxy Resin, however, even with their discounts it was still more
cost effective to order epoxy resin from The Craft. We would recommend doing further research
into finding discounts on foam and fiberglass.
For reimbursements, one piece of advice is to keep very good track of all receipts. In addition to
keeping track of receipts, submit paperwork for reimbursement as soon as possible. This will
greatly decrease the time spent waiting for reimbursement. Many teams submit for
reimbursement on the last day leading to a backlog, thus delaying when you have your money
back.
After multiple iterations, our final Solidworks assembly and drawings have been uploaded and
shared with next year’s team. The Up a Creek team was able to keep track of iterations by
utilizing Solidworks’ “Pack and Go” feature, and we highly recommend that next year’s team
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continues to use it as well. Each day’s updated assembly and parts were saved as a single file
with that feature, then uploaded to One Drive such that each team member could easily access it.
Once we integrated the hull assembly with the propulsion system, Up a Creek and Without a
Paddle began using GrabCAD to share files. In retrospect, Up a Creek recommends that each
subassembly specified in 5.1 Subsystems and Components be reconstructed as its own
Solidworks assembly, then combined into a complete, integrated assembly. This will allow your
team to create exploded views of each subassembly with ease.
9.2 Conclusions
Up a Creek unfortunately was not able to complete the construction of a boat for the California
Solar Regatta due to the COVID-19 pandemic. However, as outlined in this document,
substantial progress was made on the research, design, and manufacturing of the boat over the
course of two quarters. Testing plans have been provided for when the boat is fully constructed,
and recommendations have been given to next year’s team for the continuation of the project.
Had the project been able to continue as scheduled, there is little doubt that a finished product
would have been produced before the competition deadline.
All documentation and CAD that Up a Creek has created has been shared with next year’s team
to aid them in their progress. In addition, we would like to thank and recognize the helpfulness of
the following individuals in regards to the project:
•
•
•
•

Dr. Brian Self
Kevin Williams
Dr. Kim Shollenberger
The Craft Fiberglass Supply

Despite the setbacks, our team is proud of the progress that was made and are content with the
work that we were able to complete. We wish next year’s team nothing but the best, and look
forward to supporting Cal Poly in the 2021 Solar Regatta.
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Appendix A– Ship Modeling Hand Calculations
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Appendix B – QFD House of Quality
The chart below is the quality function deployment chart that Up a Creek created to lead the
design process of the boat. All members were involved in the creation and rating of various
needs/wants and engineering specifications. The one negative correlation between engineering
specifications is between weight capacity and overall weight, since a boat will have to be heavier
to support a larger amount of weight. The catamaran option rated very highly in most areas,
which aligns with the preliminary research discussed earlier.
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Appendix C – Patent Research
Patent
Name
Craft
Powered by
Solar
Energy [24]

Patent Number

Summary of Abstract

Figures

CH637584A5

The hull of the craft has a
displacement of water
sufficient to allow carriage
of one or two people.
Propulsion is provided by a
propeller driven by an
electric motor mounted at
the lower end of a vertical
shaft which carries the
electrical connections.
Additional information on
the use of an accumulator is
provided.

Solar
Charged,
Electrically
Driven
Watercraft
[25]

US7047902B1

A solar powered watercraft
including a pontoon section,
a strut section, a deck
section, and a solar canopy
section is provided.
Additional information on
the watercraft’s cooling and
exhaust system is provided.

Composite
Structures
and Method
of Making
Composite
Structures
[26]

US5429066A

A method for manufacturing N/A
fiberglass boat components
to minimize weight in a
vessel. Fiberglass is wrapped
around mold components.

58

N/A

Solarpowered
sailing
yacht [27]

DE3836259A1

Solar
powered
raft with
guidance
system [28]

US6000353A

Solar Boat
[29]

IN2006KO01018A

Solar
hydrofoil
structure for
solarpowered
watercraft
[30]

DE102013002720A1

Outlines the arrangement of
solar cells in the rigid sails
of a yard mast, the method
of current collection, and the
storage and use of the solar
energy for the ship electrical
system and the electrical
propulsion of the ship
A pontoon raft having a
hand-controlled steering
mechanism and solar cells
for powering an outboard
electric motor. The raft has
an adjustable lounge chair
located between the
pontoons

N/A

A solar power watercraft that N/A
includes a boat or pontoon
section and a solar canopy
section for receiving solar
radiation. The motor is
housed below the water line
and directly connects with
the propeller shaft by means
of reduce the energy loss
during power transmission.
The structure has underwater
wings (hydrofoils) which are
provided below a water line.
Excess electric solar energy
not immediately consumed
by operation of vehicle is
accumulated by unlimited
expandable accumulators
over unlimited expandable
photovoltaic solar roof for
given solar speed.
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Appendix D – Decision Matrices
Pugh Matrices:

Figure D1. Pugh Matrix: Comparing Different Building Materials. Carbon fiber was used as the
baseline for the matrix. When compared to carbon fiber, it becomes clear that wood and Kevlar
do not perform as well. E-glass and S-glass both outperform carbon fiber. Although e-glass and
s-glass technically have the same score when compared to carbon fiber, E-glass is the clear
winner. It is half the price as S-glass with only slightly less strength per unit of weight. Because
cost is a major constraint in this project E-glass better accomplishes the team’s objectives.

Figure D2. Pugh Matrix: How to Mate a Composite Pontoon with a Metal Bridge. A multihull
catamaran design presents us with the challenge of securing two fiber glassed pontoons together
while simultaneous providing support for the pilot, propulsions system, panels, etc. Our solution
is a simple bridge composed of square aluminum tubing. However, the limiting factor of the
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entire design will likely be the interface between the metal bridge and the pontoons. From left to
right beginning with the benchmark, we brainstormed ideas such as marine-grade adhesive,
threaded inserts, fiberglassing the bridge itself, a pinned exterior insert, and Velcro straps. Based
on the criteria, the pinned exterior insert idea came out on top.

Figure D3. Pugh Matrix comparing various hull shapes. A catamaran was used as the baseline.
When comparing to a catamaran, it became clear that a fishing boat would not have the same
speed or stability advantages and a hydrofoil did not have the same stability or system
integration ability. The outrigger was surpassed by the catamaran when it came to
manufacturability. Creating two identical hulls is much more simple than creating two different
hulls. Based on the criteria, the catamaran and canoe were the two hull shapes to seriously
consider moving forward.
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Figure D4. Pugh Matrix outlining the four potential ideas for steering the boat. The concepts
were rated on their part count, ease of control, drag, space claim, motor efficiency, and electrical
complexity. It can be seen that the dual propulsion steering system is the most favorable, with the
only downside being added electrical complexity.
System Morphological Table:
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Weighted Decision Matrix:
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Appendix E – Idea Lists
Idea Generation:
Function
Turning

Method
Brainstorming

Pilot Seating

Brainwriting

Mounting/System
Integration

SCAMPER (Substitute,
Combine, Adapt, Modify,
Put to Other Uses, Eliminate,
Rearrange)
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Ideas Generated
Rope, pneumatic, lead screw,
springs, gears, pulley, combined
with motor, rudders, drag creator,
pontoon misalignment
Net between pontoons, sitting
upright on solid bridge, prone
position between pontoons, laying
down on solid bridge, pilot on one
pontoon balanced by weight on
other pontoon
S: Pilotà Remote Control
1 Propeller à 2 Propellers
Steering à Variable Propulsion
Vary Bridge
C: Steering & Propulsion
Bridge Panels
Pilot Seating & Bridge
Bridge Steering
Pilot & Steering
A: Different Panel Orientations
Propulsion Mounting Location
M: Orientation of Pilot
Method of Steering
Materials for Bridge
P: Fishing Boat
Decoration
Rescue Boat
Pool Floaty
Turn into Car
E: Pontoon, Bridge, Propulsion,
Steering, Pilot, Panels
R: Steering in Front
Propulsion in Front
Panels above Pilot

Concept Models:

Pontoon Connection

Pilot Seating

Propulsion Location and Turning
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Solar Panel Location

Alternative Hull Designs
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Appendix F – Preliminary Analyses
Figures F1 and F2 below display dimensions necessary to create preliminary CAD. The steps
listed go through the development of dimensions for the catamaran Up a Creek plans to create,
which involved using several design formulas [20]. These dimensions are likely to be adjusted as
more analysis is performed.

Figure F1. Key beam dimensions for multihull [20]

Figure F2. Key length dimensions for multihull [20]
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Step 1: Choose overall length (LOA) and beam (BOA)
Chosen based on similar products [12]. For now, the overall length will be equal to the
length of the waterline.
LOA = 14 ft
BOA = 4.5 ft
Step 2: Length-beam ratio (LBR)
Chosen based on performance characteristics of catamaran.
LBR = 12
Step 3: Beam waterline (BWL) and centerline (BCL) calculations
BWL = LWL/LBR
BWL = 14/12 = 1.2 ft
BCL = BOA-BWl
BCL = 4.5-1.2=3.3 ft
Step 4: Midship Coefficient (CM)
CM= 0.8, based on elliptical cross-sectional area
Step 5: Prismatic Coefficient (CP)
CP =0.6 for a performance catamaran
Step 6: Beam Draft Ratio (BTR) and Body Draft (TC)
BTR = BWL/ TC
BTR = 2 for minimal friction resistance
TC = BWL/BTR
TC = 1.2/2 = 0.6
Step 6: Estimate the load capacity of the hull (L)
L = 2*BWL*LWL*TC*CP*CM*r
r&'( *(+', = 65 𝑙𝑏/𝑓𝑡 4
L = 537.7 lbf
The following spreadsheet was used to perform preliminary calculations and allow for quick
iteration of hull dimensions. The overall weight of the entire system was also calculated. This is
based on the foam, fiberglass, bridge, and pilot with excess weight estimated for attachments and
propulsion.
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Appendix G – Concept Prototype
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Appendix H – iBOM
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Appendix I – Drawing Package
1000 – Full Assembly
1001 – Exploded View Full Assembly
1100 – Bridge
1101 – Exploded Bridge Assembly
1110A – Sanded Plywood Panel Data Sheet (Center)
1110B - Sanded Plywood Panel Data Sheet (Sides)
1111A – 6063 Aluminum Square Tubing Data Sheet (8’)
1111B – 6063 Aluminum Square Tubing Data Sheet (4’)
1112 – Zinc-Plated Steel Short Bracket Bolt Data Sheet
1113 – Zinc-Plated Steel Long Bracket Bolt Data Sheet
1114 – Zinc-Plated Steel T-bracket Data Sheet
1115 – Zinc-Plated Steel Platform Bolt Data Sheet
1116 – 316 Stainless Steel Platform Washers Data Sheet
1117 – Zinc-Plated Steel Platform Nut Data Sheet
1118 – 18-8 Stainless Steel Self-Tapping Screw Data Sheet
1200 – Custom 6063 Aluminum Middle Bracket Data Sheet
1300 – Solar Panel Mount (SPM) Subassembly
1301 – Exploded SPM Assembly
1310 – 6063 Aluminum SPM Angle Bracket Data Sheet
1311 – Zinc-Plated Steel Short SPM Bolt Data Sheet
1312 – 18-8 SS Rivet Nut Data Sheet
1313 – Zinc-Plated Steel Long SPM Bolt Data Sheet
1314 – 6063 Aluminum SPM Square Tubing Data Sheet
1315 – 6063 Aluminum SPM Support Bracket Data Sheet
1316 – SMUD Provided Solar Panel Data Sheet
1400 – Pontoon
1401 – Foam Pontoon Data Sheet
1410A – Plywood Inserts Data Sheet (Bow)
1410B – Plywood Inserts Data Sheet (Center)
1410C – Plywood Inserts Data Sheet (Stern)
1411 – 6063 Aluminum Square Tubing Data Sheet
1412 – 6061 Aluminum Angle Iron Data Sheet
1413 – 18-8 Stainless Steel Wood Screw Data Sheet
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Appendix J – Hull Displacement

81

Appendix K – Hull Drag Calculations
Friction Drag

Pressure Drag

Total Drag
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Appendix L – FMEA
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Appendix M – Design Hazard Checklist
Y

N
N

1. Will any part of the design create hazardous revolving, reciprocating, running,
shearing, punching, pressing, squeezing, drawing, cutting, rolling, mixing or
similar action, including pinch points and sheer points?

N

2. Can any part of the design undergo high accelerations/decelerations?

Y

3. Will the system have any large moving masses or large forces?
N

4. Will the system produce a projectile?

N

5. Would it be possible for the system to fall under gravity creating injury?

N

6. Will a user be exposed to overhanging weights as part of the design?

N

7. Will the system have any sharp edges?

N

8. Will any part of the electrical systems not be grounded?

N

9. Will there be any large batteries or electrical voltage in the system above 40 V?

N

10. Will there be any stored energy in the system such as batteries, flywheels,
hanging weights or pressurized fluids?

N

11. Will there be any explosive or flammable liquids, gases, or dust fuel as part of
the system?

N

12. Will the user of the design be required to exert any abnormal effort or physical
posture during the use of the design?

Y

13. Will there be any materials known to be hazardous to humans involved in
either the design or the manufacturing of the design?
N

14. Can the system generate high levels of noise?

N

15. Will the device/system be exposed to extreme environmental conditions such
as fog, humidity, cold, high temperatures, etc?

Y

16. Is it possible for the system to be used in an unsafe manner?

Y

17. Will there be any other potential hazards not listed above? If yes, please
explain on reverse.

For any “Y” responses, on the reverse side add:
(1) a complete description of the hazard,
(2) the corrective action(s) you plan to take to protect the user, and
(3) a date by which the planned actions will be completed.
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Description of Hazard

Planned Corrective Action

Planned Actual
Date
Date

Boat is large and moving

Transport and pilot with caution

5/1/20

Epoxy and fiberglass could
be considered hazardous

Wear proper PPE and have MSDS when
handling materials

Boat could be piloted on
improper waters

Only take boat out on water in controlled
conditions (lakes, pools, bays, no waves)

5/1/20

Drowning is a potential
hazard since this
competition takes place on a
lake

Any pilot will be wearing a life jacket and
pass a swim test prior to getting in the boat

5/1/20

11/7/19
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Appendix N – Baker/Koob Endowment Application

Warren J. Baker Endowment
for Excellence in Project-Based Learning
Robert D. Koob Endowment for Student Success
I.
II.

Project Title

California Solar Regatta Competition Team

Abstract
The Sacramento Municipal Utilities District (SMUD) has created the California Solar
Regatta (CSR) competition “to teach students about solar electricity. The program has
been established to promote renewable energy through solar technology and
innovation, by using an engaging way to connect design and engineering. The CSR
invites teams from California to compete and showcase their boat design and innovative
engineering through a variety of races and presentations.” As a Cal Poly Mechanical
Engineering Senior project, our team has been tasked with the design and fabrication of
the hull of the boat. We will be working very closely with another Cal Poly Mechanical
Engineering senior project, responsible for the propulsion of the boat, to integrate our
systems and designs to create a fully functioning, fast, agile, solar powered boat. Based
on our research we have decided that a catamaran is the best type of boat for
this competition. We have decided, based on our research that the best way to
manufacture the boat is to create foam blanks the shape of the pontoons and wrap them
in fiber glass. Our team will be competing in the CSR on May 2, 2020 with hopes
of winning first place overall. In addition to the requirements of the competition, our
team will be meeting the rigorous standards of our senior project set forth by the
Mechanical Engineering Department.

III.

Objective(s)

IV.

Methodology

1. Design and build a hydrodynamic, maneuverable boat entirely powered by
solar energy
2. Conduct hands-on research, design, and manufacturing of the boat’s hull,
exemplifying Cal Poly’s Learn-by-Doing mantra
3. Represent Cal Poly well at the California Solar Regatta competition with the
goal of placing 1st

Our senior project team is specifically focused on the design of the hull of the
solar powered boat. The work thus far has been very focused on researching
86

boat design and manufacturing techniques. This research has shown that the
best hull design for the desired application is a catamaran style with two
pontoons and the best material is fiberglass and epoxy. Since this project is both
a competition and a senior project, we are highly motivated to
accomplish our objectives. Our team has reached out to multiple
faculty members including Kim Shollenberger and Kevin Williams to
help provide insight into the project. Additionally, we have met with Cal Poly’s
concrete canoe team to learn more about Maxsurf, a computational fluid
dynamics software geared specifically towards naval vessel design and
analysis.
The following steps are critical to the success of the project:
1.
Concept prototyping: a small-scale model of the final design will be
created to prove feasibility of design and manufacturing methods. This model
will be presented at the Preliminary Design Review at the end of fall quarter
2.
Concept CAD: a preliminary CAD model will be created based upon
findings from the concept prototype
3.
Design Analysis: The concept CAD model will be iterated based upon
analysis done on the model. This analysis could include (and is not limited
to) finite element analysis (FEA) in ABAQUS and computational fluid
dynamics (CFD) analysis in Maxsurf. Additional prototypes will be built and
tested at this time to confirm and build upon information gained through
analysis.
4.
Detailed CAD and Manufacturing Plan: Once all needed information
has been gathered, a detailed CAD model will be finalized. This model and
plan will be presented at a Critical Design Review (CDR) at the end of
winter quarter.
5.
Manufacturing: Once the design has been accepted at
CDR, manufacturing will begin. Using CNC milling, we will carve foam
blanks into sections of the pontoon. After the sections are combined, the final
foam plug be wrapped in fiberglass and glassed with epoxy resin multiple
times until our desired thickness is obtained. Note that
the pontoon’s manufacturing method may deviate if another process, such
as the stitch-and-glue method, is found to be more suitable for our
applications. Additionally, we will manufacture
the aluminum bridge that connects the two pontoons and holds the pilot and
the solar panels. These systems will ultimately be integrated with the
propulsion and steering systems.
6.
Competing: The team will travel to Sacramento to compete in the
California Solar Regatta with the goal of winning first place overall.
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V.

Timeline
Deliverable
Solar Regatta Application Due
Preliminary Design Review
General Meeting and PV Pickup
Critical Design Review
Progress Video Due
Manufacturing & Test Review
Completion of Boating Certificate
All Required Paperwork Due
Competition
Final Design Review and Expo

VI.

VII.

Date
10/31/19
11/12/19
01/17/20
02/04/20
02/14/20
03/12/20
03/13/20
03/13/20
05/02/20
05/29/20

Final Products and Dissemination

The final product of this project will be a fully functioning solar powered
boat. This boat will represent Cal Poly at the California Solar Regatta competition
in May. The project’s design process, analysis, results, and lessons learned will
be disseminated in a final report that will be presented at the competition and at
the Senior Project Expo at the end of spring quarter. In addition to this final
presentation, the team will be presenting a Preliminary Design Review (PDR) at
the end of fall quarter and a Critical Design Review (CDR) in February.

Budget Justification

1. Fiber glass: 10 oz E-Glass $7.05/yard x 107 yards = $747.30
i. Based on initial calculations, each pontoon will have a surface area
of ~80 square feet. Based upon the thickness of the fiberglass, we
expect to need 8 layers of glass (or approximately 1/8” total
thickness) per pontoon. This equates to 1280 square feet of fiber glass
needed. The glass comes in 50-inch-wide rolls at any length. To achieve
the needed surface area with these 50-inch roles, we need 320 ft
which is approximately 107 yards.
ii. We decided to use E-glass because it is affordable, readily available,
and fulfills our strength requirements
2. Epoxy Resin: System 1000 Laminating Epoxy Resin $509.95/5 gallon
x 3 = $1,529.85
i. 1 gallon of epoxy can wet out approximately 90 square feet of fiber
glass. To cover 1280 square feet, our boat requires 14.22 gallons of
epoxy, rounding up to 15 gallons.
3. Foam: 2” x 4’ x 8’ Polyisocyanurate Rigid Foam Insulation $34.52/board
x 36 boards = $552.32
i. We estimate the dimensions of each pontoon to be roughly fifteen feet
long, by three feet tall by two feet wide. This is a volume of 90 cubic
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feet. Each board is 5.3 cubic feet. 90x2/5.3 equates to a required 33.96.
We have rounded up to 36 boards to account for the irregularities in
shaping the pontoons, as it is not possible to utilize every part of every
board.
4. Aluminum Square Tubing: 1.5”x1.5”x1/16” 6063-T52 $61.74/21 ft
x 2 = $123.48
i. The aluminum tubing will be used to construct the bridge where the
pilot and solar panels will be mounted.
5. Travel Expenses: 566 miles, round trip $0.58/mile x 566 miles = $328.80
i. We will be driving a car up to the competition at Rancho Seco
Recreational Area near Sacramento. It is 283 miles each way.
$0.58/mile is the current standard mileage reimbursement rate to
cover gas and wear and tear on vehicle.
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Appendix O – MESFAC Application
Description of the proposal
Briefly describe your project and what specifically you are purchasing. How will the items
be used?
Our senior project is the boat portion of the California Solar Regatta (CSR) competition
team. CSR is an annual solar-powered boat race in Sacramento. We are purchasing materials
required to build a catamaran style boat. This boat will be made of machined polystyrene foam
blanks wrapped with fiberglass via a wet layup (like how high-end surfboards are made). The
pontoons will be joined by an aluminum bridge to support the solar panels and the pilot. All
components will be manufactured/modified to serve the total senior project group of eight
mechanical engineers.
Goal - Educational Quality
Briefly describe how the items you are purchasing with MESFAC funds will benefit
mechanical engineering students. How many student will be involved? How many students
are mechanical engineering majors? What career applicable skills will be learned? (Please
make this proposal specific and do not copy the same response for multiple proposals)
This project benefits 8 current mechanical engineering students and supports their completion of
senior project. Through this project, students are learning practical applications of
fluid mechanics to design an optimal pontoon shape. They are learning about material selection,
composite manufacturing techniques, and how to use CNC machines to create the permanent
mold for the pontoon. They are also applying mechanics of materials for beam sizing and
hardware selection. Additionally, this project teaches students about solar energy and how it can
be utilized. Additional career applicable skills include working with suppliers to source
parts, technical writing and communication, and project management.
Goal - Future club benefits
How long will the items you purchased be used? Is this a recurring annual or semi-annual
cost? How will the items you're purchasing better the future of your club? (Please make
this proposal specific and do not copy the same response for multiple proposals)
The team has applied to become an IRA. This is the inaugural year of the CSR competition team
at Cal Poly and we are excited about the potential of this becoming a senior project option year
after year, benefitting students educationally in similar ways to Formula SAE and Human
Powered Vehicle. Success this year is critical to the continuation of this project in future years,
and consequently to receiving IRA funding. MESFAC funding this year can be thought of as an
investment in the future of Cal Poly mechanical engineering students. The hope is that in the
future this project will be largely funded as an IRA, but MESFAC funding this year is required
to prove the viability of this project as a future senior project and potential club.
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Goal - Responsibility and Accountability
Have you applied to other funding sources? If so, which sources and did you receive
funding? What is the timeline for your project? When will the funds be spent? Who will be
responsible for submitting reimbursements for this proposal if approved? If you are not
that person, please enter his/her email.
We applied last quarter for the Baker/Koob Endowment, however, were not selected for
funding. Our partner team, focused on the propulsion systems, applied for MESFAC last quarter,
but were instructed to apply again this quarter when the project was further along. We have
reached out to multiple companies for material sponsorship and educational discounts. Gougeon
Brothers, the creators of West System epoxy resin, have added us to their Educational Support
System, allowing us access to their products at a heavily discounted price. We are also working
to access senior project funds but are still in great need of financial support from MESFAC to
make this project happen. We have a critical design review with multiple faculty coming up very
soon. Once this is over, we will proceed to the manufacturing phase of the project and plan to
spend all funds around February and March. The competition date is May 2nd so our hope is to be
largely done with construction by the end of this quarter. We will be presenting our project at the
senior project expo at the end of spring quarter. Andrew Offhaus (aoffhaus@calpoy.edu) will be
responsible for reimbursements if approved.
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Appendix P – Operations Manual
Our solar-powered catamaran is a complex, modular system that requires extensive care while
operating. Certain steps must be taken in order to safely and correctly perform testing, assembly,
and transportation. This operations manual contains individual sections that help explain the
steps and give tips for the following situations:
• Assembling the Bridge Subsystem
• Adjusting the Bridge Position
• Transporting the Catamaran
Assembling the Bridge Subsystem:
While our team was in the process of iterating the hull’s design and completing manufacturing,
one of the most common activities the we performed on “build days” was disassembling and
reassembling the bridge subsystem. Given the large amount of hardware and components that
make up the bridge as well as the accuracy that the bridge’s overall width dimension requires,
this activity is time-consuming and easily performed incorrectly. However, performing this
activity correctly ensures that the full catamaran assembly will adjust without additional
problems.
•

First, find a large, flat surface for assembly. In the past, our team has used our
designated space in the Mustang ‘60 machine shop or the locker room at the
entrance to the Hangar machine shop. In the event that the bridge must be
assembly or disassembled on a uneven or dirty surface elsewhere, be sure to use a
tarp or containers to hold the hardware.

•

Next, select the correct components and hardware before beginning the assembly
and lay them out in their relative positions as shown in the photo below. The Bill
of Materials sorts every component by each subassembly, so referencing the
B.O.M will ensure that the wrong hardware or tubing will be confused with those
belonging to the bridge. Note that each T-bracket and square tube has already
been marked with a “T” for top and a “B” for bottom near each through hole. Be
sure to follow these marking during assembly; otherwise, the bolts will likely not
fit and the bridge cannot be assembled.

•

Prop up one (1) side of the bridge. One individual should lift and hold the tubing,
the wood panel, and the top bracket in their relative position. All other
components can remain on the floor. A chair or another object can be used to help
prop up the central crossbar tube that connects the two transverse tubes.

•

Begin assembling one (1) side of the bridge. In the past, our team has found that
bridge assembly is much easier and requires less teammates when assembly is
performed one side at a time. While one individual continues to lift and hold the
tubes, wood panel, and top bracket, another individual should insert bolts and
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washers through the top. Note that the bolt’s head should end up on the top of the
bridge, and the corresponding nuts should fastened on the bottom of the bridge.
•

Once the bolts and washers are inserted through the top, position the bottom
bracket on the underside of the bridge. This will require all (4) bolts to slide
through each of the bracket’s through holes. While holding the bracket in place,
slide on washers and fasten nuts onto each bolt. Secure the nuts loosely; they will
be tightened down later.

•

Repeat the same steps on the other side of the bridge. In the past, gentle using a
small rubber mallet can help get the brackets to fit onto the bolts if you are having
trouble placing them on manually. Once again, leave the nuts loosely fit.

•

Now, measure the width between the crossbars on each end of the bridge. Each
distance should within an 1/8” from the dimension on the Solidworks model and
drawing. Manually adjust these widths as needed; the loose nuts should allow the
bridge to be slightly pliable.

•

Once the bridge’s crossbars are properly positioned, tighten down the nuts with a
small wrench and another adjustable socket wrench. To guarantee that the
crossbars stay in their position, have one individual hold them securely while
another tightens.

Adjusting the Bridge Position
Whether it be while performing tests at a local lake or adjusting for a race in Sacramento,
the bridge position will likely change each day the team sails the boat. That being said, adjusting
the bridge’s longitudinal position or the width between the two pontoons requires the full team’s
assistance. Note that these procedures are written for dry land operation and assume that the boat
has already been removed from the water. Once the logistics of a boat trailer are cemented,
launching and docking procedures will be included in the operations manual. The possibility of
adjusting the bridge’s position in the water will be explored during initial testing.
Adjusting the Bridge’s Longitudinal Position
•

Set the boat on a flat, soft surface such as grass or a sandy beach. If that is not an
option, be prepared to bring towels or mats to set the pontoons on. Although the
fiberglass should be able to withstand a rocky beach or a gravel lot, the possibility
of creating scratches and dings is much lower with some sort of additional
protection.
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•

Remove the nuts, washers, and bolts that fasten the middle bracket to the
pontoon’s tubing. Use a small wrench and another adjustable socket wrench. Be
sure to remove the hardware from each pontoons, not just one. See the picture
below for reference.

•

While positioned in between the two pontoons, lift the bridge subassembly slowly
with the help of another teammate. One individual should be positioned in front of
the bridge and another should be positioned behind the bridge walking forward.
Carefully move the bridge longitudinally to the desired position and lower the
middle brackets back onto the pontoons. This may require small adjustments and
the help of other team members to ensure that all four (4) of the middle brackets
are rested on the tubing.

•

Re-fasten the nuts, washers, and bolts using the small wrench and adjustable
socket wrench. Have multiple team members perform a visual inspection to
ensure that the bridge is safely and properly secured.

Adjusting the Bridge’s Width
•

Set the boat on a flat, soft surface such as grass or a sandy beach. If that is not an
option, be prepared to bring towels or mats to set the pontoons on. Although the
fiberglass should be able to withstand a rocky beach or a gravel lot, the possibility
of creating scratches and dings is much lower with some sort of additional
protection.

•

Remove the nuts, washers, and bolts that fasten the middle bracket to the
pontoon’s tubing. Use a small wrench and another adjustable socket wrench. Be
sure to remove the hardware from each pontoons, not just one. See the picture
below for reference.

•

While positioned in between the two pontoons, lift the bridge subassembly slowly
with the help of another teammate. One individual should be positioned in front of
the bridge and another should be positioned behind the bridge walking forward.
Place the bridge off to the side, out of the way of the two pontoons.

•

Have two individuals, one at the front and one at the back, carefully move one (1)
of the pontoons closer or farther away from the other pontoon to its desire width.
Attempt to place the pontoon as close as possible to the desire width, but small
adjustments can be made later.

•

Carefully move the bridge back to the pontoons and carefully lower the middle
brackets back onto the pontoons’ tubing. While two individuals carry the bridge,
another two individuals can adjust the pontoons to help fit the two subassemblies
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together. Once the bridge is set down, small adjustments can be made to ensure
that the through holes are lined up.
•

Re-fasten the nuts, washers, and bolts using the small wrench and adjustable
socket wrench. Have multiple team members perform a visual inspection to
ensure that the bridge is safely and properly secured.

Transporting the Catamaran
One challenge for testing and competing with the boat is transporting it to the chosen
body of water. To ensure the safety of both the boat and others on the road, a pickup truck rack
should be constructed. The instructions below assume that the pontoons have already been
removed from the bridge following the guidelines above.

Pickup Truck Rack
•

The drawings for a pickup truck rack below are general and need to be adapted to
whatever truck is chosen for transporting the boat. Dimensions are roughly based
off of a standard 4.5’ x 6’ pickup bed.

Figure P7: Front View of Pickup Bed Rack
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Figure P8: Side View of Pickup Bed Rack
•

The rack shown above should be constructed of 2 x 4 lumber, wood screws, and
wood glue. There is a good amount of freedom in the design; the important design
features are a frame that takes up the full area of the truck bed, a set of upright
bars on top to constrain the pontoons, a top surface beneath the upright bars level
with the top of the truck cab, and diagonal braces to ensure a stable structure.

•

The rack should be placed in a truck bed, and the pontoons should be laid on top
between the upright bars. Towels should be put between the wooden rack and the
pontoons to avoid excess damage.

•

A ratchet strap should be attached at the front corner of the truck bed at a
manufacturer provided hook. The strap should then wrap up over the two
pontoons, and connect at the other front corner hook. The strap should be
tightened enough to ensure the pontoons are secure, but not so much as to damage
them. It is recommended to place another towel between the pontoons and the
strap.

•

Repeat the above process for the rear corner hooks of the truck bed.
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Appendix Q – Design Verification Plan
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Appendix R – Gantt Chart
The following screenshots show the team Gantt chart for Up a Creek through CDR. Expansions
of the checklists for the design analysis and materials testing are shown below.

98

99

100

